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1. Introduction {#open201800146-sec-0001}
===============

Quinazolinones are multilateral nitrogen‐containing heterocyclic compounds that occupy an important position in showing many types of biological and pharmacological activities.[1](#open201800146-bib-0001){ref-type="ref"},[2](#open201800146-bib-0002){ref-type="ref"} The synthetic quinazoline ring is part of several antibiotics that are known to inhibit the growth of Gram‐positive bacteria and that are also active against various transplantable tumors.[3](#open201800146-bib-0003){ref-type="ref"} Many of them show analgesic,[4](#open201800146-bib-0004){ref-type="ref"} antifungal, antibacterial,[5](#open201800146-bib-0005){ref-type="ref"}, [6](#open201800146-bib-0006){ref-type="ref"}, [7](#open201800146-bib-0007){ref-type="ref"} anticancer, and anti‐inflammatory activities.[8](#open201800146-bib-0008){ref-type="ref"} As pesticides, they are used as insecticidal[9](#open201800146-bib-0009){ref-type="ref"}, [10](#open201800146-bib-0010){ref-type="ref"} and antiviral agents.[11](#open201800146-bib-0011){ref-type="ref"} Earlier reports showed that the presence of alkyl/aryl/heteroaryl groups at the 2‐ and 3‐positions of the quinazolinone ring was beneficial to anti‐inflammatory and antimicrobial activity. In this regard, it was planned to synthesize some new derivatives of quinazolin‐4‐one. In recent years, density functional theory (DFT) has been popular for theoretical modeling,[12](#open201800146-bib-0012){ref-type="ref"}, [13](#open201800146-bib-0013){ref-type="ref"}, [14](#open201800146-bib-0014){ref-type="ref"}, [15](#open201800146-bib-0015){ref-type="ref"}, [16](#open201800146-bib-0016){ref-type="ref"}, [17](#open201800146-bib-0017){ref-type="ref"}, [18](#open201800146-bib-0018){ref-type="ref"} and a survey of the literature revealed that DFT has great accuracy in reproducing the experimental values for the geometry, dipole moment, vibrational frequency, and so on. The use of density functional theory calculations to predict the molecular structures and the spectroscopic properties of organic compounds is of interest,[19](#open201800146-bib-0019){ref-type="ref"}, [20](#open201800146-bib-0020){ref-type="ref"}, [21](#open201800146-bib-0021){ref-type="ref"}, [22](#open201800146-bib-0022){ref-type="ref"}, [23](#open201800146-bib-0023){ref-type="ref"}, [24](#open201800146-bib-0024){ref-type="ref"} as the DFT method has been proven to give satisfactory results with regard to the experimental ones. From this point of view, the aim of the present work was to describe and characterize the molecular structure, electronic spectra, and chemical shifts of the studied compounds, both experimentally and theoretically.

In the experimental part of our study, we considered two possible tautomers of 2‐mercapto‐3‐phenyl‐2,3‐dihydro‐1*H*‐quinazolin‐4‐one (**1**), namely, the thione and thiol forms. Starting from synthesized compound **1**, the target product, 1‐methyl‐5‐phenyl‐5*H*‐pyrido\[1,2‐*a*\]quinazoline‐3,6‐dione (**2**), was obtained. The compounds were prepared and characterized by electronic spectroscopy, FTIR spectroscopy, NMR spectroscopy, mass spectrometry, and elemental analysis methods. In the theoretical part of this study, the molecular structures of the synthesized compounds in the ground states were calculated by using density functional theory (DFT) (B3LYP) with the 6‐311G(d,p) and 6‐31++G(d,p) basis sets. Time‐dependent (TD) DFT calculations were performed to analyze the electronic transitions for various excited states that reproduced the experimental bands observed in the UV/Vis spectrum. The highest occupied molecular orbital (HOMO), the lowest unoccupied molecular orbital (LUMO), and the Mulliken atomic charges of the studied molecules were calculated with the 6‐311G(d,p) and 6‐31++G(d,p) basis sets starting from the optimized geometries. Using the gauge‐independent atomic orbital method, the ^1^H NMR and ^13^C NMR chemical shifts were calculated and correlated with the experimental chemical shifts. The theoretically obtained results were found to be consistent with the experimental data reported. The chemical reactivity and stability of **2** were explored based on the molecular electrostatic potential (MEP).

2. Results and Discussion {#open201800146-sec-0002}
=========================

2.1. Chemistry {#open201800146-sec-0003}
--------------

Our synthetic strategy utilizing the prepared quinazolinone derivative 2‐mercapto‐3‐phenyl‐2,3‐dihydro‐1*H*‐quinazolin‐4‐one (**1**) afforded an unexpected one‐pot synthesis of novel tricyclic product **2**. The first step in this reaction involved the reaction of the amino group in anthranilic acid with the thioxo group of phenylthiourea, and this was followed by nucleophilic attack of the nitrogen nucleophile at the carboxylic carbonyl group to produce compound **1** upon elimination of one molecule of ammonia (Scheme [1](#open201800146-fig-5001){ref-type="fig"}). The target molecule, 1‐methyl‐5‐phenyl‐5*H*‐pyrido\[1,2‐*a*\]quinazoline‐3,6‐dione (**2**), was obtained in good yield and excellent purity by nucleophilic attack of the electrons of the SH and NH groups of compound **1** on acetylacetone with ring closure and elimination of H~2~S and H~2~O.

![Synthesis of quinazolinone derivatives **1** and **2**.](OPEN-7-814-g009){#open201800146-fig-5001}

The molecular structures of synthesized compound **1** and tricyclic quinazolinone product **2** were established by NMR spectroscopy, IR spectroscopy, MS, elemental analysis, and melting points. Interestingly, the infrared spectrum of **1** showed the appearance of both C=S and S−H at $\widetilde{\nu}$ =1268 and 2924 cm^−1^, which confirmed the existence of thione--thiol tautomerism. Moreover, the spectra of both compounds showed other characteristic bands at $\widetilde{\nu}$ =3245 (NH), 1661 (CO), 1621 (CN), and 1531 cm^−1^(C=C). The expanded aromatic region of the ^1^H NMR spectrum of **1** showed the presence of a multiplet at *δ*=6.64--7.70 ppm corresponding to the nine aromatic protons of the phenyl and quinazolinone rings; furthermore, we observed extensive thiol--thione tautomerism due to the presence of the imino proton at *δ*=9.98 ppm, which confirmed the thione structure, and a singlet at *δ*=5.45 ppm corresponding to the thiol group, which confirmed the thiol form.[25](#open201800146-bib-0025){ref-type="ref"}, [26](#open201800146-bib-0026){ref-type="ref"} The infrared spectrum of newly synthesized quinazolinedione derivative **2** showed stretching vibrational bands at *ν*=1663 (CO) and 1529 cm^−1^ (C=C). The^1^H NMR spectrum showed the presence of two separate multiplets, one at *δ*=7.236--7.499 ppm corresponding to the five aromatic protons of the N5 phenyl ring and another at *δ*=7.759--7.7961 ppm corresponding to the four aromatic protons of the fused ring of the quinazolinone moiety. The spectrum also showed a singlet at *δ*=3.687 ppm corresponding to the methyl group at C1 and another singlet at *δ*=2.510 ppm corresponding to the two equivalent protons at C2 and C4.The mass spectrum of **2** showed no molecular ion signal, and additionally, it showed different fragments with different intensities that confirmed its structural formula (Scheme [2](#open201800146-fig-5002){ref-type="fig"}).

![Mass spectrum of targeted compound **2**.](OPEN-7-814-g010){#open201800146-fig-5002}

2.2. DFT Results {#open201800146-sec-0004}
----------------

The tautomerism of organic compounds has been the subject of extensive theoretical studies by using different quantum‐chemical methods.[27](#open201800146-bib-0027){ref-type="ref"} DFT computational codes are used in practice to investigate the structural, magnetic, and electronic properties of molecules. The stability and chemical reactivity of these tautomers in the gas phase and in solution have been predicted by using the well‐known quantum‐chemical methods described above. However, DFT calculations produce the electron densities of molecules with good results and, thus, provide everything that is needed to determine the dipole moment with accuracy.

### 2.2.1. Total Optimization Energy Predictions {#open201800146-sec-0005}

The relative stabilities and population of isomers **1 a** and **1 b** were predicted by using two basis sets, B3LYP/6311G(d,p) and 6‐31++G(d,p), with two polarized basis functions, d and p; the presence of these two polarized functions is essential for adjusting the DFT analysis. One can conclude that novel 4‐quinazolinone is more stable than anthranilic acid (AN) and phenylthiourea (PTU), which supports nucleophilic attack of the nitrogen atom of phenylthiourea at the carboxylic carbonyl group of anthranilic acid to obtain tautomers **1 a** and **1 b** (Figure [1](#open201800146-fig-0001){ref-type="fig"}).

![Equilibrium structures of the thiol and thione tautomers computed at the B3LYP/631++(d,p) level.](OPEN-7-814-g001){#open201800146-fig-0001}

The total optimization energies of PTU and AN reached −779.2519 and −467.7612 au, respectively (see Figure S1 in the Supporting Information). From the total optimized energies of the two tautomers at the B3LYP/6‐311G(d,p) and B3LYP/6‐31++G(d,p) levels, we confirmed that the thione tautomer (−1122.6683, −1122.5090 au, respectively) was more stable than the thiol tautomer (−1122.6538, −1122.1976 au, respectively) (Figure S2).

The calculations performed at the B3LYP/6‐311G (d) and B3LYP/6‐31++G (d,p) levels for target product quinazoline dione **2** showed that the DFT‐obtained total optimization energy was greater for the 6‐311G basis set (−992.4286 au) than for the 6‐31++G basis set (−992.4686 au) (Figure S3). Consequently, the stability of synthesized compound **2** is affected by the basis set (Figure [2](#open201800146-fig-0002){ref-type="fig"}).

![Optimized structure of quinazoline dione **2** computed at the B3LYP/6‐31++G(d,p) level.](OPEN-7-814-g002){#open201800146-fig-0002}

#### 2.2.1.1. Energies and Dipole Moments {#open201800146-sec-0006}

The dipole moment, an important factor in measuring the effects of various solvents with different dielectric constants, gives rise to strong solvent‐polarity effects.[28](#open201800146-bib-0028){ref-type="ref"}, [29](#open201800146-bib-0029){ref-type="ref"}, [30](#open201800146-bib-0030){ref-type="ref"} Solvent effects improve the delocalization of charges in molecules and, therefore, cause the dipole moments to increase, which causes reorientation of the solvent molecules to produce a large reaction field. Experimentally, the UV/Vis spectrum of **1** was recorded in different solvents with different dielectric constant (*ϵ*) values \[chloroform (nonpolar), *ϵ*=4.81; ethanol (polar, protic), *ϵ*=24.85; and acetonitrile (polar, aprotic), *ϵ*=37.5\] at room temperature to evaluate the total energies and dipole moments in different solvent media. The time‐dependent self‐consistent field (TD‐SCF) method was used for the structures optimized with the 6‐311G and 6‐31++G basis sets to analyze synthesized quinazolinone derivatives **1 a**, **1 b**, and **2** in chloroform, ethanol, and acetonitrile as a means to investigate their stability and reactivity and to assess how the set of computational parameters in TD‐DFT affected the dipole moment values and excitation energies.

The molecular dipole moment (*μ*) values and the total energies (Hartree) in the gas phase and in different solvents calculated at the two basis sets are listed in Table S1. One can conclude from the data that the dipole moment values of the studied compounds are clearly affected by two factors: basis‐set effects and solvent effects. From the dipole moments calculated for tautomers **1 a** and **1 b**, it was found that the dipole moments of both tautomers increased on going from the gas phase to the solvent phase, depending on the dielectric constant of the solvent used. Calculations performed by using the 6‐31++ G basis set, which gives more logically accurate results, showed that the dipole moment of **1 b** was greater than that of tautomer **1 a** and that this value increased upon increasing the polarity of the solvent used. Furthermore, from Table S1, the dipole moment of target product **2** varies from 5.1575 to 7.4894 D on going from the gas phase to the solvent acetonitrile; thus, in different media, the solvent polarity increases the dipole moment of **2**, which gives an idea about the geometry and charge distribution within the molecular system, and the solvent polarity also affects the reactivity and stability of **2**. However, we can conclude that although the dipole moments increases, the total molecular energy obtained by the polarizable continuum model (PCM) method decreases with an increase in the polarity of the solvent. According to these results, the stability of compound **2** increases on going from the gas phase to solution. The reported data also indicate that the dipole moment of product **2** in the gas phase (5.1575) is greater than the sum of the dipole moments of acetylacetone (1.5485) and the thiol (1.6140); this suggests that the electronic charge distribution of the product is highly asymmetric due to the presence of two fused heterocyclic rings and reaches the π system.

#### 2.2.1.2. Electronic Spectra and TD‐DFT Calculations {#open201800146-sec-0007}

As reported in the previous section, the UV/Vis spectra of compounds **1** and **2** were obtained in chloroform, ethanol, and acetonitrile solutions to investigate the effects of the solvent on the molecular geometries and electronic structures of the studied compounds. The solution of **1** in chloroform showed three absorption bands at *λ* ~max~=285.3, 272.4, and 235.7 nm with *ϵ*=3.437, 3.4850, and 3.6943, respectively; the electronic absorption band of **1** in ethanol was observed at *λ* ~max~=277.8 nm with *ϵ*=2.3998, whereas the solution of compound **1** in acetonitrile showed different broad bands at *λ* ~max~=297.6, 285, 268.8, and 233.7 nm with *ϵ*=3.2980, 3.3616, 3.5475, and 3.6907, respectively. The electronic absorption spectra of the studied compounds in chloroform, ethanol, and acetonitrile were simulated by using TD‐DFT calculations at the geometry optimized by using the B3LYP/6‐311G(d,p) and 6‐31++G(d,p) methods; for example, Figures [3](#open201800146-fig-0003){ref-type="fig"}, [4](#open201800146-fig-0004){ref-type="fig"}, and [5](#open201800146-fig-0005){ref-type="fig"} represent the calculated electronic spectra of the studied compounds by using the 6‐31++G (d,p) method.

![Calculated electronic spectra of thiol **1 a** at TD‐DFT 631++ in chloroform, ethanol, and acetonitrile (left to right).](OPEN-7-814-g003){#open201800146-fig-0003}

![Calculated electronic spectra of thione **1 b** at TD‐DFT 631++ in chloroform, ethanol, and acetonitrile (left to right).](OPEN-7-814-g004){#open201800146-fig-0004}

![Calculated electronic spectra of quinazolinedione **2** at TD‐DFT 631++ in chloroform, ethanol, and acetonitrile (left to right).](OPEN-7-814-g005){#open201800146-fig-0005}

The lowest energy electronic transition implies the transfer of an electron from the HOMO to the LUMO, and as such, we analyzed the first four excited states of the thiol and thione forms. The computed results calculated at the B3LYP/6‐31++G(d,p) level, the excitation energies (*E*), absorption wavelengths (*λ*), and oscillator strengths (*f*) are depicted in Table S2. The oscillator strength is an important factor in measuring the intensity of an electronic transition assigned on the basis of the major contributions of the molecular orbitals. Electronic transitions for the thiol form were not affected by the polarity of the solvent used, and all of the electronic transitions were within nearly the same range in different solvents. Also, we observed that the second excited state with excitation energies of 4.531, 4.557, and 4.547 eV and oscillator strengths of 0.4046, 0.3769, and 0.3709 in chloroform, ethanol, and acetonitrile, respectively, corresponded mainly to the HOMO→LUMO+1 transition, which agrees with the experimental band at *λ*=272.4 nm. In contrast, the calculated electronic transitions of the thione form in different solvents were significantly affected by changing the solvent, and we found that the band observed at *λ*=285 nm in the UV/Vis spectrum was in harmony with that produced by TD‐DFT calculations at *λ* ~max~=300.57, 286.72, and 282.93 nm in chloroform, ethanol, and acetonitrile, respectively; this band corresponds to the fourth excited state with excitation energies of 4.124, 4.324, and 4.382 eV and oscillator strengths 0.0057, 0.5268, and 0.5300 in chloroform, ethanol, and acetonitrile, respectively. This explains the orbital HOMO−2→LUMO transition in chloroform and the HOMO−1→LUMO and HOMO−1→LUMO+1 transitions in the case of ethanol with contributions of 14 and 67 % respectively. Similarly, the contributions observed in the fourth excited state corresponded to the same orbital transitions in the case of acetonitrile, which may suggest a dominance of the thione form over the thiol form in chloroform and NH--SH tautomerism in polar solvents.

On the other hand, the electronic spectra of **2** showed different absorption maxima in different solvents. A solution of **2** in chloroform showed four bands at *λ* ~max~=301.2, 285.3, 270.6, and 235.3 nm with *ϵ*=3.4326, 3.5738, 3.6227, and 4.000, respectively. In ethanol, four bands at *λ* ~max~=436.8, 354.9, 330.6, and 209.4 nm with *ϵ*=0.1372, 0.3836, 0.4401, and 0.3131, respectively, were found. Finally, the UV/Vis spectrum of **2** in acetonitrile showed five absorption bands at *λ* ~max~=299.1, 285, 269.1, 234.3, and 220.8 nm with *ϵ*=3.3021, 3.3859, 3.5303, 3.6948, and 3.6733, respectively. To obtain accurate electronic transitions, TD‐DFT‐PCM calculations were performed on target compound **2**. By using B3LYP/6‐31++G(d,p) and B3LYP/6‐311G(d,p) to estimate the excited‐state parameters, we could find an explanation for the basis‐set effect of the different solvated media. The calculations in chloroform as a nonpolar solvent by using the 6‐31++G(d,p) and B3LYP/6‐311G(d,p) basis sets were nearly the same, but in the case of the polar solvents ethanol and acetonitrile, calculations with the 6‐31++G(d,p) and B3LYP/6‐311G(d,p) basis sets provided significantly different results. The TD‐DFT‐PCM results of quinazolinedione **2** in chloroform, ethanol, and acetonitrile with 31++G (d,p), and the excitation energies (*E*), absorption wavelengths (*λ*), and oscillator strengths (*f*) are depicted in Table S3. The results obtained with B3LYP/6‐31++G(d,p) are very close to the experimental results. Six excited states were analyzed, and the dominant contribution to the maximum absorption for the first transition in all solvents was found to come from the HOMO→LUMO transition. Furthermore, in chloroform, the bands observed at *λ*=301.2, 285.3, 270.6, and 235.3 nm were compared to the theoretical data of the third, fourth, fifth, and sixth excited states with oscillator strength of 0.1926 (HOMO−1→LUMO and HOMO→LUMO+1), 0.0103 (HOMO−1→LUMO), 0.5321, and 0.1235; the latter two bands were classified as a possible HOMO−2→LUMO+1 transition as a major contribution in chloroform. The theoretical data of the transitions in polar solvents (ethanol and acetonitrile) had nearly the same values of the calculated *λ* ~max~ values in the six analyzed excited states. The band observed at *λ* ~max~=277.8 nm in ethanol agreed with that at excited state four at *λ* ~max~=277.77 nm with an oscillator strength of 0.0414 in EtOH, as well as the band at *λ* ~max~=277.05 nm in CH~3~CN with an oscillator strength of 0.0732, which represents a possible HOMO−1→LUMO transition. Also, the band observed at *λ* ~max~=268.8 nm was compared to the theoretical band at *λ* ~max~=267.87 nm in EtOH with an oscillator strength of 0.1437 and the band at *λ* ~max~=267.96 nm with an oscillator strength of 0.1486, and they represent a possible HOMO−1→LUMO+1 transition.

### 2.2.2. Frontier Molecular Orbitals and Reactivity Parameters {#open201800146-sec-0008}

The HOMO and LUMO represent the ability to denote and accept electrons.[31](#open201800146-bib-0031){ref-type="ref"}, [32](#open201800146-bib-0032){ref-type="ref"} These orbitals are termed frontier molecular orbitals (FMOs). The HOMO represents the ability to donate an electron, whereas the LUMO, as an electron acceptor, represents the ability to gain an electron. The energy gap between the HOMO and LUMO determines the energy that is very important to calculate the activation parameters,[33](#open201800146-bib-0033){ref-type="ref"}, [34](#open201800146-bib-0034){ref-type="ref"} and it can be used to describe further the chemical reactivity of the title compound and its precursor starting tautomer, as it is already known that the HOMO--LUMO energy gap (Δ*E*) is an important stability index.[35](#open201800146-bib-0035){ref-type="ref"}, [36](#open201800146-bib-0036){ref-type="ref"}, [37](#open201800146-bib-0037){ref-type="ref"} As given in Table S4, the calculated electronic parameters, namely, ionization potential (IP), electron affinity (EA), hardness (*η*), and softness (*σ*), were calculated for the thione and thiol forms of the starting material and target product **2** in chloroform, ethanol, and acetonitrile. The IP and EA values were calculated as the negative energy eigen values of the HOMO and LUMO, respectively. Chemical hardness[38](#open201800146-bib-0038){ref-type="ref"}, [39](#open201800146-bib-0039){ref-type="ref"} was calculated according to Equation [(1)](#open201800146-disp-0001){ref-type="disp-formula"}, whereas the global softness is the inverse of the global hardness \[Eq. [(2)](#open201800146-disp-0002){ref-type="disp-formula"}\].$$\eta = \frac{\left( {IP} - {EA} \right)}{2}$$ $$\sigma = \frac{1}{\eta}$$

The calculated values of these electronic parameters (Table S4) together with the results of the dipole moment values previously obtained (Table S1) confirmed that the polarity of the solvents played an important role in the reactivity and stability of the molecules (dipole moment of the thione form in the gas phase was found to be greater than that of the thiol form and increased upon increasing the dielectric constant of the solvent used). Also, the plots of the dipole moment of the thione form and the optimization step numbers gave a straight line with a negative slope in the gas phase and in ethanol and acetonitrile, whereas the relation in chloroform gave a straight line with a positive slope, which is the normal trend; this explains why compound **1** exists in the reactive thione form in chloroform, in which its hardness (*η*) is small and its softness (*σ*) is high.

The energy difference, known as the HOMO--LUMO gap, is an important chemical reactivity descriptor for molecular system. A small HOMO--LUMO gap corresponds to a chemically more reactive system and vice versa. The energy difference of the thiol form in the gas phase (4.8050 eV) is greater than that in chloroform (4.7799 eV), which is greater than that in ethanol (polar, protic solvent: 4.7680 eV), which is greater than that in acetonitrile (polar, aprotic solvent: 4.7669 eV); these results support the high reactivity of the thiol tautomer in polar solvents. On the other hand, solvent effects are also clearly shown with the thione form, for which Δ*E*=4.1024 eV in the gas phase and increases in polar solvents. This can be further seen from its hardness (*η*) and softness (*σ*) values in different solvents. A small *η* value is an indicator of the dominance of an electron‐donating group in the molecular system. The *σ* parameter has opposite behavior to *η*, so that a high *σ* value is also an indicator of electron‐donating groups.[40](#open201800146-bib-0040){ref-type="ref"}, [41](#open201800146-bib-0041){ref-type="ref"} As the results show in Table S4, the thione form has greater softness (*σ*) than the thiol form, with opposite results for the hardness (*η*); this reflects the role of the thione form as a good donor molecule in polar solvents and is in accordance with the experimental methods.

To evaluate the energetic behavior of the title compound, we performed calculations in chloroform, ethanol, and acetonitrile and in the gas phase. From the chemical parameters of studied product **2** by using the B3LYP/6‐31++G(d,p) method, one concludes that the HOMO--LUMO gap of **2** is 4.1892 eV in the gas phase; upon increasing the dielectric constant (*ϵ*) of the solvent, the energy gap (Δ*E*) between the HOMO and LUMO slightly increases, and the values of the energy separation between the HOMO and LUMO are 4.4101, 4.4621, and 4.4681 eV in chloroform, ethanol, and acetonitrile, respectively. These energy gaps explain the charge‐transfer interactions within the molecule and reveal a high stability of title compound **2** in polar solvents. This can also be observed from its hardness (*η*=2.205, 2.231, and 2.231) and softness (*σ*=0.454, 0.448, and 0.448) values in chloroform, ethanol, and acetonitrile, respectively.

The energies of the four important molecular orbitals of quinazoline dione **2**, that is, the second highest and highest occupied molecular orbitals (HOMO and HOMO−1) and the lowest and second lowest unoccupied molecular orbitals (LUMO and LUMO+1), were calculated by using B3LYP/6‐31++G(d,p) and are presented in Figure [6](#open201800146-fig-0006){ref-type="fig"}. The plots show that the energy gap of the HOMO→LUMO explains the charge‐transfer interaction within the molecule. This is clearly shown in the second lowest unoccupied orbit (LUMO+1), for which we find, in chloroform, electronic distribution over the whole molecule except for the *N*‐phenyl ring, whereas the electronic distributions in ethanol and acetonitrile include the entire molecule. However, the electronic distributions in the other molecular orbitals (LUMO and LUMO+1) in all of the solvents are the same. This confirms the good stability of title compound **2** and that it has high chemical hardness.[42](#open201800146-bib-0042){ref-type="ref"}

![HOMO and LUMO of quinazolinedione **2** obtained in a) chloroform, b) ethanol, and c) acetonitrile.](OPEN-7-814-g006){#open201800146-fig-0006}

The plots of the HOMO and LUMO computed by the B3LYP/6‐optimized molecules in the gas phase are illustrated in Figure [7](#open201800146-fig-0007){ref-type="fig"}. The calculated energy gaps of quinazoline dione, acetylacetone, and the thiol form are 4.1892, 5.6268, and 4.8050 eV, respectively, and they reflect the chemical activity and stability of the molecules. The HOMO--LUMO transition implies transfer of electron density from SH of the thiol through the C−C group of acetylacetone; this can also be confirmed from the ionization potential of the system in the gas phase, as one observes that the IP of the thione form (6.3484 eV) is small relative to the IP of acetylacetone (−*E* ~HOMO~=7.0516 eV), which supports the donating character of the thiol and the accepting character of acetylacetone. On the other hand, as a rule, charge transfer occurs if the energy gap between the HOMO of the donor and the LUMO of the acceptor is small; in the synthesis of title compound **2**, this value is equal to −4.68 eV, so it can be used in biological applications,[43](#open201800146-bib-0043){ref-type="ref"}, [44](#open201800146-bib-0044){ref-type="ref"} as it has a lower energy gap than the thione form and acetylacetone.

![Energies of the HOMOs and LUMOs of quinazolinedione **2**, acetylacetone, and the thiol form in the gas phase.](OPEN-7-814-g007){#open201800146-fig-0007}

### 2.2.3. Molecular Electrostatic Potential {#open201800146-sec-0009}

The molecular electrostatic potential (MEP) surface is related to the electronic density, and it is a very useful descriptor in understanding sites for electrophilic attack and nucleophilic reactions, as well as hydrogen‐bonding interactions; furthermore, it also provides a visual method to understand the relative polarity of a molecule.[45](#open201800146-bib-0045){ref-type="ref"}, [46](#open201800146-bib-0046){ref-type="ref"}, [47](#open201800146-bib-0047){ref-type="ref"} To predict the electrophilic and nucleophilic reactive sites of the investigated molecule, the MEP at the B3LYP/6‐31++G(d,p)‐optimized geometry was calculated in the gas phase and in chloroform, ethanol, and acetonitrile. The MEP surface is represented by different colors, which increase in the order red\<orange\<yellow\<green\<blue. The negative (red and yellow) regions of the MEP are related to electrophilic reactivity, and the positive (blue) regions are related to nucleophilic reactivity (Figure [8](#open201800146-fig-0008){ref-type="fig"}).

![Molecular electrostatic potentials (MEPs) mapped on the electron density surface calculated at B3LYP/6‐31++G(d,p) in a) chloroform and b) acetonitrile and c) in the gas phase.](OPEN-7-814-g008){#open201800146-fig-0008}

Negative regions in studied molecule **2** in different solvents were found around both oxygen atoms of the quinazolinone and acetylacetone parts. The positive regions are localized on the nitrogen atoms, methyl group, and hydrogen atoms of the phenyl ring attached to the N atom of the quinazoline ring. These sites give information about the region from which the compound can have intermolecular interactions. Also, the darkness of the green color on the nitrogen atoms, methyl group, and the three carbon atoms of the newly formed ring of the product increases on going from chloroform, acetonitrile, and gas phase, that is, the color intensity varies from gas phase\>acetonitrile\>chloroform. The range of the color code of these maps is different according to the calculated phase, as shown in the figure.

### 2.2.4. Comparative Mulliken Charge and Geometric Parameters Analysis {#open201800146-sec-0010}

Mulliken population analysis of the thiol and thione tautomers **1 a** and **1 b** and title compound **2** were computed by using B3LYP with the 6‐31++G(d,p) and 6‐311G(d,p) basis sets. The charge distributions of dipolar compounds are often altered significantly in the presence of a solvent reaction field. We examined the Mulliken atomic charges both in the gas phase and in solution. The results are shown in Tables S5--S7. The difference in the charge distributions is in accordance with the changes in the solvent polarity and basis‐set effect, which play important roles in the changes in the Mulliken charges with the different basis sets. As expected, the charge distributions are influenced to some extent by a dielectric medium. In the case of thiol **1 a**, a large degree of change is predicted upon increasing the dielectric constant of the solvent. The maximum change in charge significantly occurred upon using B3LYP with the 6‐31++G(d,p) basis set only at O15, N16, and N17, which increased on going from the gas phase to acetonitrile solution just by 0.0847, 0.0802, and 0.0586 e, whereas upon using B3LYP with the 6‐311G(d,p) basis set, an increase also occurred on going from the gas phase to acetonitrile solution just by 0.04596, 0.01058, and 0.0182 e at O15, N16, and N17, respectively. So, for the thiol form, the basis set and solvent effects have important influences on the changes in the Mulliken charges on O15, N16, and N17. On the other hand, the differences in the charge distributions in the cases of thione tautomer **1 b** and title product **2** were affected by the previous factors (basis set and solvent effects), but in this case, the change in the charge occurred on most atoms of the segment, which is consistent with all other previous computational studies; this reflects the stability and reactivity of both composites. To compare the basis‐set and solvent effects on the geometrical parameters, we performed geometry optimizations of the studied compounds at the B3LYP/6‐31++G(d) and B3LYP/6‐311G(d,p) levels in the gas phase and in chloroform, ethanol, and acetonitrile. The results of the geometrical bond lengths and bond angles of the studied compounds revealed no differences in either basis set. On the other hand, to see how solvation affected the geometry, we discuss, for example, only the geometry optimization of the studied compound using the PCM at the B3LYP/6‐31++G(d) level. As shown in Figures S4--S15, solvation affects the geometrical parameters of thiol **1 a** in the gas phase and in chloroform, ethanol, and acetonitrile, with a slight change in the bond length by 0.012--0.006 Å; as regards the bond angles of the thiol, only the H14−S13−C12 angle changes significantly, and it decreases on going from the gas phase to the solvent by 0.62°. The other bond angles do not change appreciably.

On the other hand, the bond angles of the thione form show an unexpected significant change for the structure calculated at the PCM at B3LYP/6‐31++G(d) in chloroform, as we found that the C9−N15−C12, C3−N16−C12, and O14−C9−N15 angles decrease more than the others in the gas phase, ethanol, and acetonitrile by 1.18, 2.89, and 4.28°, respectively. The S13−C12−N16 and C4−C9−O14 angles increase by 1.74 and 5.91°, respectively, and consequently, the introduction of a solvent has a considerable effect on the geometry of the thione form. Product **2** is shown in the optimized geometrical, bond lengths and bond angles 631++G(d,p), and the values of the bond lengths and bond angles do not change.

### 2.2.5. NMR Spectral Analysis {#open201800146-sec-0011}

The gauge‐including atomic orbital (GIAO) ^1^H NMR and ^13^C NMR chemical shift calculations of compound **2** were made by the same method by using the 6‐31++G(d,p) basis set in the gas phase and DMSO solution. The theoretical ^1^H NMR and ^13^C NMR chemical shifts were compared. The experimental and calculated chemical shifts of title compound **2** are presented in Table S8. In the ^1^H NMR spectrum of the title compound, 4 main signals appear that integrate to 14 protons. In the experimental ^1^H NMR spectrum, the chemical shifts of the aromatic protons are observed in the range of *δ*=7.236 to 7.961 ppm, which is typical for aromatic protons of organic molecules, whereas those calculated are between *δ*=8.16 and 9 ppm. The highest deviation of the experimental chemical shifts from the DFT‐calculated values (*δ* ~calcd~−*δ* ~exptl~) is Δ*δ*=4.32 ppm (H37); this can be attributed to the overestimated paramagnetic contribution in the DFT calculations. In the experimental ^13^C NMR spectrum of quinazolinedione **2**, the aromatic carbon atoms give signals in overlapped areas of the spectrum with chemical shift values of *δ*=100 to 150 ppm;[48](#open201800146-bib-0048){ref-type="ref"}, [49](#open201800146-bib-0049){ref-type="ref"} similarly, chemical shifts are observed in the range of values calculated for C4 and C6, and therefore, the maximum deviations of the calculated chemical shifts from the experimental ones for C9/C29 and C3 (*δ* ~calcd~−*δ* ~exptl~) are Δ*δ*=12 and 27 ppm, respectively. Deviations of the other carbon atoms range from Δ*δ*=3 to 7 ppm. In general, the ^1^H NMR spectroscopy experimental results correlate well with the values calculated at the DFT/6‐31++G(d,p) level.

3. Conclusions {#open201800146-sec-0012}
==============

In this work,1‐methyl‐5‐phenyl‐5*H*‐pyrido\[1,2‐*a*\]quinazoline‐3,6‐dione (**2**) was synthesized from prepared 2‐mercaptoquinazoline derivative **1**, and all the synthesized compounds were characterized by different techniques, including ^1^H NMR spectroscopy, ^13^C NMR spectroscopy, FTIR spectroscopy, UV/Vis spectroscopy, MS, and elemental analysis. UV/Vis spectroscopy data were calculated by using the DFT/B3LYP method with 6‐311G(d,p) and 6‐31++G(d,p) as two different basis sets in the gas phase and in chloroform, ethanol, and acetonitrile. The UV/Vis spectrum of the synthesized compound was studied by using the TD‐DFT method, and the electronic transitions for various excited states were calculated and discussed. Spectral analyses and computational studies suggested the preference of compound **1** to exist in the thione form in the gas phase with NH--SH tautomerism in the solvated form. The experimental data and the computational calculations indicate that good correlation exists among these data. To predict the electrophilic and nucleophilic reactive sites of the product quinazoline dione **2**, the MEP at the optimized geometry was calculated in different media.

Experimental Section {#open201800146-sec-0013}
====================

General Methods {#open201800146-sec-0014}
---------------

Melting points were taken in open capillary tubes by using a high‐resolution Stuart SMP10 digital melting‐point apparatus. Elemental analyses were performed at the Regional Center for Mycology and Biotechnology (RCMB), Al‐Azhar University, Nasr city, Cairo, Egypt, by using a FLASH 2000 CHNS/O analyzer, Thermo Scientific. IR spectra were recorded by using potassium bromide disks with a PerkinElmer Spectrum RXI/FTIR System (Faculty of Pharmacy, Alexandria University, Egypt) and with a Bruker FTIR spectrometer Model:Tensor 37 (Faculty of Science, Alexandria University, Alexandria, Egypt) and are expressed in wavenumbers. Ultraviolet spectra were measured by using a PerkinElmer Lambada 4B UV/Vis (Faculty of Science, Alexandria University, Alexandria, Egypt). ^1^H NMR and ^13^C NMR spectra of the purified sample were determined in deuterated chloroform (CDCl~3~) or deuterated dimethyl sulfoxide (\[D~6~\]DMSO) with a JEOL JNM ECA 500 MHz NMR (Faculty of Science, Alexandria University, Egypt) or a Bruker AVANCE III Nano Bay 400 MHz FT‐NMR spectrophotometer (Faculty of Pharmacy, Cairo University, Egypt). Chemical shifts are reported in *δ* as parts per million (ppm) downfield from tetramethylsilane as an internal standard. Mass spectrometry was performed with a direct inlet part to mass analyzer in a Thermo Scientific GCMS model ISQ (70 eV EI mode). Also, elemental analysis was performed with a Thermo Finnigan Flash EA microanalyzer, both at the Regional Center for Mycology and Biotechnology (RCMB), Al‐Azhar University, Nasr city, Cairo, Egypt. Reaction progress was monitored by thin‐layer chromatography (TLC) by using flexible sheets 7.5×2.5 (Baker‐flex) silica gel IB‐F (J. T. Baker Chemical CO, west Germany); chloroform or chloroform/ethanol (9:1) was used as the eluting system to examine compound purity and reaction completion. The spots were visualized by using a Vilber Lourmat ultraviolet lamp at *λ*=365 and 254 nm.

Synthesis {#open201800146-sec-0015}
---------

2‐Mercapto‐3‐phenyl‐2,3‐dihydro‐1*H*‐quinazolin‐4‐one (**1**): A mixture of equimolar amounts of phenylthiourea (15.2 g, 10 mmol) and anthranilic acid (13.7 g, 10 mmol) was fused together for 4 h in a round‐bottomed flask provided with an air condenser and heated in an oil bath at 175--180 °C and was then cooled and added to cold water (40 mL). The solid product obtained was collected and recrystallized from ethanol to give **1** (70 %): m.p. \>297 °C (as reported in ref. [50](#open201800146-bib-0050){ref-type="ref"}: \>300 °C); ^1^H NMR (500 MHz, \[D~6~\]DMSO): *δ*=9.98 (s, 1 H, NH, exchangeable), 6.64--7.70 (m, 9 H, ArH), 5.45 ppm (s, 1 H, SH, exchangeable); ^13^C NMR (500 MHz, \[D~6~\]DMSO): *δ*=179 (C2, CS), 165 (C4, CO), 138 (C9, C11), 132 (C7), 130 (C10), 128 (C13, C15), 127 (C5), 125 (C8), 124 (C6, C14), 120 ppm (C12, C16); IR (KBr): $\widetilde{\nu}$ =3245 (NH), 2924 (SH), 1661 (CO), 1621 (CN), 1531 (C=C), 1268 cm^−1^(CS); elemental analysis calcd (%) for C~14~H~10~N~2~OS (254.31): C 66.12, H 3.96, N 11.02, S 12.61 %; found: C 67.56, H 3.16, N 10.20, S 12.91.

1‐Methyl‐5‐phenyl‐5*H*‐pyrido\[1,2‐*a*\]quinazoline‐3,6‐dione (**2**): Acetylacetone (10 mmol) was added to a solution of sodium ethoxide in ethanol (0.56 g of sodium in 50 mL ethanol), and the mixture was stirred for 2 h. Compound **1** (4.1 g, 10 mmol) was added. The mixture was heated under reflux for 5 h. Ethanol was removed under reduced pressure, and the residue was poured into cold water (100 mL) and extracted with ether. The extracted solvent was dried with anhydrous sodium sulfate and was removed under reduced pressure to give **2** (80 %): m.p. 268--270 °C; ^1^H NMR (500 MHz, \[D~6~\]DMSO): *δ*=7.236--7.961 (m, 9 H, ArH), 3.687 (s, 3 H, CH~3~), 2.510 ppm (s, 2 H, CHCOCH); ^13^C NMR (500 MHz, \[D~6~\]DMSO): *δ*=163 (C6), 156 (C30), 142 (C4, C2), 138 (C17), 132 (C10), 128 (C7, C‐2, C28), 124 (C24), 120 (C18, C19), 117 (C9, C5), 112 (C11), 99 (C3), 92 (C29), 64.5 (C1), 22 ppm (C32); IR (KBr): $\widetilde{\nu}$ =1663, (CO), 1529 cm^−1^ (C=C); MS (EI): *m*/*z* (%): 272 (16.64), 270 (14.92), 257 (12.50), 255 (16.69), 254 (68.52), 253 (100), 236 (1.02), 221 (2.05), 196 (1.30), 161 (2.92), 145 (4.29), 133 (2.75), 127 (2.65), 118 (10.75), 102 (4.43), 91 (6.96), 76 (13.80), 55 (2.03), 43 (6.44); elemental analysis calcd (%) for C~19~H~14~N~2~O~2~ (302): C 75.50, H 4.64, N 9.27 %; found: C 74.70, H 4.57, N 9.99.

Computational Methods {#open201800146-sec-0016}
---------------------

All calculations for the studied compounds were performed by using the Gaussian 09 software package[51](#open201800146-bib-0051){ref-type="ref"} with a Pentium IV processor personal computer. The calculations were performed by DFT by using the Becke\'s three parameter exchange functional[52](#open201800146-bib-0052){ref-type="ref"} with a hybrid functional by means of the Lee, Yang, and Parr (LYP) correlation functional[53](#open201800146-bib-0053){ref-type="ref"} B3LYP method. Energy optimization of the ground states of the compounds was performed by using the split‐valence double zeta basis sets 6‐31++G and 6311G with two polarized basis functions (d and p), for which the p‐type orbital was added to all hydrogen atoms as well as a diffuse function. The origin of the electronic spectra was computed by using the time‐dependent DFT (TD‐DFT) method at the same level of the theory. The gas‐phase‐optimized structure of the most stable isomer was thus classified as its starting geometry; complete geometry optimization without restriction was performed in DMSO as the solvent used to predict the ^1^H NMR spectra of the studied compounds. The ^1^H NMR chemical shifts were calculated with the gauge‐independent atomic orbital (GIAO) approach with the B3LYP/6311G basis set. The effect of solvent during TD‐DFT analysis was considered by the polarizable continuum model (PCM) of Tomasi and co‐workers.[54](#open201800146-bib-0054){ref-type="ref"} The geometries were optimized by minimizing the energies with respect to all geometrical parameters. Gauss‐View and Chem craft programs[55](#open201800146-bib-0055){ref-type="ref"} were used to get computation results and to visualize the optimization structures and to draw the frontier molecular orbital (FMOs) and molecular electrostatic potential (MEP) maps.[56](#open201800146-bib-0056){ref-type="ref"}
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